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(57) ABSTRACT

A bicycle drive unit 1s basically provided with a crankshaft
and a housing. The housing includes a synthetic resin {first
portion, a synthetic resin second portion and a metallic third
portion. The synthetic resin first portion supports a first end
of the crankshaft. The synthetic resin second portion sup-
ports a second end of the crankshaft. The metallic third
portion 1s disposed in between the synthetic resin first
portion and the synthetic resin second portion. The metallic
third portion defines an internal space of the housing along
with the synthetic resin first portion and the synthetic resin
second portion.
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1
BICYCLE DRIVE UNIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2014-105684, filed on May 21, 2014. The entire
disclosure of Japanese Patent Application No. 2014-105684

1s hereby incorporated herein by reference.

BACKGROUND

Field of the Invention

This mvention generally relates to a bicycle drive unait.
More specifically, the present invention relates to a bicycle
drive unit that aids 1n providing a drive force through the use
of a motor in addition to manual drive force for assisting
riding a bicycle.

Background Information

Electrically assisted bicycles are becoming more widely
used that have an electric motor for providing a drive force
to assist a rider’s pedaling in driving the bicycle. A conven-
tional electrically assisted bicycle typically has a bicycle
drive unit that has a casing. The casing of the bicycle drive
unit 1s either molded from synthetic resin (see, Japanese
Laid-Open Patent Publication No. 2001-180565) or a metal-
lic material. The bicycle drive unit typically has a drive
mechanism, such as an electric motor, that 1s housed inside
of the casing.

SUMMARY

In a conventional drive unit, when a metallic casing 1s
used, the weight of the casing 1s larger than when a synthetic
resin (non-metallic) casing is used. On the other hand, when
a synthetic resin casing 1s used, while a synthetic resin
casing 1s lighter than a metallic casing, the heat generated
from the motor, etc. 1s more dithicult to dissipate from the
casing.

The present invention was made 1n light of problems like
those described the above. One object of the present inven-
tion 1s to achieve a reduction 1n the weight of a bicycle drive
unit, while at the same time facilitate the dissipation of the
heat generated by the bicycle drive unait.

In view of the state of the known technology and in
accordance with a first aspect of the present disclosure, a
bicycle drive unit 1s provided for assisting riding a bicycle.
The bicycle drive unit basically comprises a crankshaft and
a housing. The housing includes a synthetic resin {irst
portion, a synthetic resin second portion and a metallic third
portion. The synthetic resin first portion supports a first end
of the crankshait. The synthetic resin second portion sup-
ports a second end of the crankshaft. The metallic third
portion 1s disposed in between the synthetic resin first
portion and the synthetic resin second portion. The metallic
third portion defines an internal space of the housing along
with the synthetic resin first portion and the synthetic resin
second portion.

In the housing of the bicycle drive unit of the present
invention, the metallic third portion 1s disposed between the
synthetic resin first and second portions. In this way, since
the third portion 1s metallic, heat dissipation can be
improved in the housing of the bicycle drive unit of the
present mvention when compared to conventional technol-
0gy.

In accordance with a second aspect of the present inven-
tion, the bicycle drive unit according to the first aspect
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turther comprises an output unit that 1s coaxially disposed on
the second end of the crankshaft and operatively coupled to
the crankshaft to receive rotation of the crankshaft. The
synthetic resin first portion includes a first axle bearing
portion that rotatably supports the first end of the crankshaft.
The synthetic resin second portion 1ncludes a second axle
bearing portion that rotatably supports the output unait.

In accordance with a third aspect of the present invention,
the bicycle drive unit according to the second aspect further
comprises an electric motor that 1s disposed 1n the internal
space of the housing, and operatively coupled to the output
unit to transmit rotation of the electric motor to the output
unit.

In accordance with a fourth aspect of the present mven-
tion, the bicycle drive unit according to the third aspect
further comprises a speed reduction mechanism that 1is
disposed 1n the internal space of the housing, and that i1s
operatively coupled between the electric motor and the
output unit to reduce an output of the electric motor to the
output unit. In this case, the output of the electric motor can
be appropriately reduced by the speed reduction mechanism
that 1s disposed 1n the internal space of the housing.

In accordance with a fifth aspect of the present invention,
the bicycle drive unit according to the third aspect or the
fourth aspect further comprises a control board that 1is
disposed in the internal space of the housing, and that is
clectrically coupled to the electric motor. In this case, the
output of the electric motor can be appropnately controlled
by the control board that 1s disposed 1n the internal space of
the housing.

In accordance with a sixth aspect of the present invention,
the bicycle drive unit according to the fifth aspect 1s con-
figured so that the control board 1s mounted on the metallic
third portion. In this case, by mounting the control board to
the metallic third portion, a heat dissipation effect can be
expected. That 1s, the increase in the temperature of the
control board can be suppressed.

In accordance with a seventh aspect of the present mnven-
tion, the bicycle drive unit according to the fifth aspect or the
sixth aspect further comprises a transmission mechanism
disposed 1n the internal space of the housing between the
control board and the electric motor, and operatively cou-
pling the crankshait to the output unit to define a transmis-
sion path between the crankshait and the output umit. In this
case, the control board and the electric motor, which are the
heat sources, are disposed in the internal space of the
housing 1n a state that separates them from each other via the
transmission mechanism. With this, the temperature i the
housing can be dispersed. Also, by disposing the transmis-
sion mechanism in the space between the control board and
the electric motor, the heat of the electric motor can be
suppressed from being directly transmitted to the control
board.

In accordance with an eighth aspect of the present mnven-
tion, the bicycle drive unit according to the seventh aspect
1s configured so that the transmission mechanism 1s sup-
ported on the synthetic resin first portion and the synthetic
resin second portion.

In accordance with a ninth aspect of the present invention,
the bicycle drive unit according to 1n any one of the first to
eighth aspects 1s configured so that the metallic third portion
comprises an attaching portion that 1s configured to be
attached to a frame of the bicycle. In this case, since the
metallic third portion with a higher rigidity than the syn-
thetic resin first and second portions comprises an attaching
portion, the housing can be reliably attached to the frame of
the bicycle.
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In accordance with a tenth aspect of the present invention,
the bicycle drive unit according to 1n any one of the first to
ninth aspects 1s configured so that each of the synthetic resin
first portion and the synthetic resin second portion comprises
polyamide.

In accordance with an eleventh aspect of the present
invention, the bicycle drive umit according to 1n any one of
the first to tenth aspects 1s configured so that each of the
synthetic resin first portion and the synthetic resin second
portion comprises glass fiber.

In accordance with a twellfth aspect of the present inven-
tion, the bicycle drive unit according to in any one of the first
to eleventh aspects 1s configured so that the metallic third
portion 1s an aluminum alloy.

According to the present mvention, a reduction in the
weilght of a bicycle drive unit can be achueved, while at the
same time improving the heat dissipated of the heat that 1s
generated by the bicycle drive unit.

Also other objects, features, aspects and advantages of the
disclosed bicycle drive unit will become apparent to those
skilled 1n the art from the following detailed description,
which, taken in conjunction with the annexed drawings,
discloses one embodiment of the bicycle drive unait.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the attached drawings which for a part
of this original disclosure:

FIG. 1 1s a left side elevational view of a drive train for
an electrically assisted bicycle that 1s equipped with a
bicycle drive unit 1n accordance with one 1llustrated embodi-
ment; and

FIG. 2 1s a cross-sectional view of the drive unit taken
along section line II-II in FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS

Selected embodiments will now be explained with refer-
ence to the drawings. It will be apparent to those skilled 1n
the bicycle field from this disclosure that the following
descriptions of the embodiments are provided for illustration
only and not for the purpose of limiting the invention as
defined by the appended claims and their equivalents.

Referring imitially to FIG. 1, a lett side elevational view
of a drive train 1s illustrated for an electrically assisted
bicycle that 1s equipped with a bicycle drive unit 10 in
accordance with one 1llustrated embodiment. In FIG. 1, only
the parts related to the bicycle drive umt are shown. The
drive unit 10 comprises, among other things, a housing 12
and a crankshait 14. The crankshait 14 1s driven by a pair of
pedals 100 that 1s mounted to a crank 101. Thus, the drive
unit 10 1s disposed 1n a vicinity of the crank 101. The crank
101 comprises a first crank arm 101a that 1s mounted to a
first end of the crankshait 14 and a second crank arm 1015
that 1s mounted to a second end of the crankshaft 14. As
shown 1n FIG. 1, the drive unit 10 1s a umit for assisting
riding a bicycle. In particular, the drive unit 10 has an
electric motor 30. Thus, the drive unit 10 1s a unit that 1s able
to assist the rider using a drive force penetrated by the
clectric motor 30. In this process, the drive unit 10 combines
the motor output of the electric motor 30 with the manual
drive force from the pedals 100 as the auxiliary power to
assist riding. The drive unit 10 and a battery (not dia-
grammed) that drives the drive unit 10 are attached to the
bicycle frame.

A front sprocket 38 1s disposed on the crankshaift 14, and
1s rotated by the pedaling force acting on the pedals 100. A
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first chain 104 1s engaged with the front sprocket 38 and a
rear sprocket 105 mounted to a hub body 106 that 1s
provided around the axle of the rear wheel. Thus, the
clectrically assisted bicycle transmits the pedaling force
acting on the pedals 100 to the hub body 106 via the

following transmission path. The transmission path i1s as
tollows: “the first crank arm 1014 and the second crank arm
1015—the crankshaft 14—=the drive unit 10—=the front
sprocket 38—the first chain 104—the rear sprocket 105.”

As shown 1n FIG. 2, the drive unit 10 further comprises
a control board 33, a transmission mechanism 32, a speed
reduction mechanism 34 and a power transmission unit 36
(one example of an output unit). Additionally, the housing
12 comprises a second chain 28, a first rotation transmission
member 16, a second rotation transmission member 20, a
support shaft 22 and a third rotation transmission member
24.

As shown 1n FIG. 2, the housing 12 comprises a main
body portion 50 (one example of a metallic third portion), a
first cover portion 51 (one example of a synthetic resin first
portion) and a second cover portion 52 (one example of a
synthetic resin second portion). The main body portion 50 1s
attached to a bicycle frame. In particular, the main body
portion 50 comprises an attaching portion 50q that can be
attached to a bicycle frame. For example, the attaching
portion 50q 1s integrally formed with the main body portion
50. The attaching portion 50q 1s attached 1n a vicimity of the
connecting portion of the lower end portion of the seat tube
of the frame and the rear end portion of the down tube of the
frame, which are not shown, by a fixing member. The fixing
member 1s, for example, a bolt. The attaching portion 50a
can also be provided separately from the main body portion
50.

The main body portion 50 1s metallic and 1s formed by, for
example, an aluminum alloy. The main body portion 50 1s
disposed between the first cover portion 31 and the second
cover portion 32. The main body portion 50 forms an
internal space S along with the first cover portion 51 and the
second cover portion 52. In particular, the main body portion
50 1s essentially a hollow member that 1s open on both sides.
The above-described internal space S 1s formed by attaching
the first cover portion 51 and the second cover portion 52 to
the opening of the main body portion 50.

The crankshatt 14, the electric motor 30, the control board
33, the transmission mechamsm 32, the speed reduction
mechanism 34, and the power transmission unit 36 are all
disposed 1n the internal space S. Additionally, the second
chain 28, the first rotation transmission member 16, the
second rotation transmission member 20, the support shaift
22, and the third rotation transmission member 24 are all
disposed in the internal space S. In this way, the housing 12
houses the configuration of the drive system except for the
front sprocket 38.

The first cover portion 51 1s made of synthetic resin. For
example, the first cover portion 51 1s formed of a synthetic
resin comprising polyamide and/or glass fiber. The first
cover portion 51 rotatably supports the crankshait 14. The
first cover portion 51 comprises a first hole portion 51a and
a {irst axle bearing 515 (one example of a first axle bearing
portion). The crankshaft 14 i1s inserted into the first hole
portion 51a. A first rotation transmission member 16, which
1s described below, 1s disposed between the first hole portion
51a and the crankshait 14.

The first axle bearing 515 1s disposed between the first
hole portion 51a and the crankshait 14. The first axle bearing
51b rotatably supports the crankshait 14. In particular, the
first axle bearing 5156 rotatably supports one end of the
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crankshait 14. For example, the first axle bearing 515
rotatably supports one end of the crankshaft 14 via the first
rotation transmission member 16. For example, the first axle
bearing 515 1s configured as a ball bearing or a needle roller
bearing.

The first cover portion 31 comprises a first {ixing portion
51c. The first fixing portion S1c¢ detachably fixes the first
cover portion 31 to the main body portion 50. The first fixing
portion 51c¢ 1s provided to the outer peripheral part of the
first cover portion 31. In particular, several first fixing
portions 51c¢ are provided at intervals on the outer peripheral
part of the first cover portion 51. A first through-hole 514 1s
formed on each first fixing portion 51c.

Here, 1n the main body portion 50, a first {ixed portion 5056
1s formed 1n the position that corresponds to the first fixing
portion 51c. A first screw hole 50¢ 1s formed 1n the first fixed
portion 505. For example, a first bolt 151 passes through the
first through-hole 51d of the first fixing portion 51¢ and

screws 1nto the first screw hole 50c¢ of the first fixed portion
505. With thas, the first fixing portion 51¢ and the first fixed

portion 5056 are fixed. In this way, by forming the first screw
hole 50¢ on the metallic main body portion 50, even when
the first bolt 151 1s repeatedly tightened and loosened when
detaching the first cover portion 51, the first bolt 151 can be
stably fixed.

Meanwhile, a seal member can be provided to the portion
where the first cover portion 51 and the main body portion
50 are 1n contact. The seal member 1s formed from rubber or
a flexible metal material.

The second cover portion 52 1s made of synthetic resin.
For example, the second cover portion 52 1s formed of a
synthetic resin comprising polyamide and/or glass fiber. The
second cover portion 52 rotatably supports the crankshaift
14. The second cover portion 52 comprises a second hole
portion 52a and a second axle bearing 5256 (one example of
a second axle bearing portion). The crankshaft 1s inserted
into the second hole portion 52a. A power transmission unit
36, which i1s described below, 1s disposed between the
second hole portion 52a and the crankshait 14.

The second axle bearing 525 1s disposed between the
second hole portion 52a and the crankshait 14. The second
axle bearing 526 rotatably supports the other end of the
crankshait 14. For example, the second axle bearing 525
rotatably supports the other end of the crankshaft 14 via the
power transmission unit 36. For example, the second axle
bearing 525 1s configured as a ball bearing or a needle roller
bearing.

The second cover portion 52 comprises a second fixing
portion 52c¢. The second fixing portion 32¢ detachably fixes
the second cover portion 52 to the main body portion 30. The
second fixing portion 52c¢ 1s provided on the outer periphery
of the second cover portion 52. In particular, several second
fixing portions 52¢ are provided at intervals on the outer
peripheral part of the second cover portion 52. A second
through-hole 524 1s formed on each second fixing portion
d2c.

Here, 1n the main body portion 30, a second fixed portion
504 1s formed 1n the position that corresponds to the second
fixing portion 52¢. A second screw hole 50e 1s formed 1n the
second fixed portion 50d4. For example, a second bolt 152
passes through the second through-hole 524 of the second
fixing portion 32¢ and screws 1nto the second screw hole 50e
of the second fixed portion 50d. With this, the second fixing
portion 52¢ and the first second fixed portion 504 are fixed.
In this way, by forming the second screw hole 50e¢ on the
metallic main body portion 350, even when the second bolt
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152 1s repeatedly tightened and loosened when detaching the
second cover portion 32, the second bolt 152 can be stably
fixed.

Meanwhile, a seal member can be provided on the portion
where the second cover portion 52 and the main body

portion 50 are 1n contact. The seal member 1s formed from
rubber or a tlexible metal material.

The crankshait 14 1s a shaft member made of metal such
as 1ron or stainless steel. As shown in FIG. 2, the two ends
of the crankshait 14 are disposed so that they each protrude
from the first cover portion 31 (a first hole portion 51a) and
second cover portion 52 (a second hole portion 52a).

The crankshaft 14 1s rotatably supported on the housing
12 by the first axle bearing 515 and the second axle bearing
52b. In particular, the first rotation transmission member 16
1s integrally and rotatably fixed to the crankshait 14. One
end of the crankshait 14 1s rotatably supported on the first
cover portion 51 by the first axle bearing 515 via the first
rotation transmission member 16. Additionally, the other end
of the crankshait 14 is rotatably supported on the second
cover portion 52 by the second axle bearing 5256 via a power
transmission unit 36, which 1s described below.

The first crank arm 101a 1s fixedly attached to the end of
the crankshaft 14 on the side with the first cover portion 51
such that the first crank arm 101a and the crankshait 14
rotate together as a umit. The first crank arm 101a 1s
preferably detachable with respect to the crankshait 14. The
second crank arm 1015 1s fixedly attached to the end of the
crankshait 14 on the side with the second cover portion 52
such that second crank arm 1015 and the crankshatt 14 rotate
together as a unit. The second crank arm 1015 1s preferably
detachable with respect to the crankshait 14.

The electric motor can transmit the rotation to the power
transmission unit 36. For example, the electric motor 30 1s
an iner rotor-type motor. The electric motor 30 1s provided
in order to be in contact with the main body portion 50 of the
housing 12. Specifically, the electric motor 30 1s fixed while
being 1n contact with the main body portion 50. In this way,
by contacting and {ixing the electric motor 30 to the main
body portion 50, the heat of the electric motor 30 can be
dissipated via the main body portion 50.

The electric motor 30 1s disposed 1n the internal space S
of the housing 12. The electric motor 30 1s disposed between
the first cover portion 51 and the second cover portion 52 in
the direction along the crankshatt 14 (the axial direction). In
particular, the electric motor 30 1s disposed between the first
cover portion 51 and the speed reduction mechanism 34 1n
the direction along the crankshait 14.

The electric motor 30 comprises a motor case 30a, a rotor
305 and a stator 30c¢. The rotor 305 1s rotatably supported by
the motor case 30a. The rotor 305 1s disposed on the outer
peripheral part of the crankshait 14. The rotor 305 1s also
disposed concentrically (coaxially) with the crankshait 14.
Additionally, several magnets, which are not shown, are
provided 1n the outer peripheral part of the rotor 305. The
stator 30c¢ 1s fixed to the inner peripheral part of the motor
case 30a. The stator 30c 1s disposed opposing the rotor 305
on the outer peripheral side of the rotor 3056. The stator 30c
comprises a plurality of coils that are not diagrammed.

The control board 33 1s disposed 1n the internal space S of
the housing 12. The control board 33 is provided to the main
body portion 50 1n the mternal space S of the housing 12.
Specifically, the control board 33 i1s fixed while being 1n
contact with the main body portion 50 1n the internal space
S. Additionally, the control board 33 1s provided to the main
body portion 50 at a distance from the electric motor 30 in
a direction away from the crankshait 14 (the radial direc-
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tion). The transmission mechanism 32 1s disposed in
between the control board 33 and the electric motor 30. That
1s, the control board 33 and the electric motor 30 are
disposed 1n the internal space S of the housing 12 so that
they are separated from each other via the transmission
mechanism 32.

The control board 33 controls the electric motor 30. For
example, the control board 33 mainly comprises a controller
and an mverter that are not diagrammed. The controller
controls the inverter. For example, the controller 1s pro-
grammed to control the inverter according to the pedaling
force and the speed of the bicycle. The mnverter drives the
electric motor 30. As described above, the heat of the control
board 33 can be dissipated via the main body portion 50 by
contacting and fixing the control board 33 to the main body
portion 50.

The transmission mechanism 32 1s disposed 1n the internal
space S of the housing 12. The transmission mechanism 32
1s disposed 1n between the control board 33 and the electric
motor 30. In particular, the transmission mechanism 32 1s
disposed 1n between the control board 33 and the electric
motor 30 1 a direction away from the crankshait 14 (the
radial direction).

Additionally, the transmission mechanism 32 is provided
along the transmission path 1n between the crankshait 14 and
the power transmission unit 36. The transmission path 1s, for
example as follows: “the first rotation transmission member
16—the second rotation transmission member 20—the third
rotation transmission member 24— (the transmission mecha-
nism 32)—the power transmission unit 36.” The transmis-
sion mechanism 32 1s supported by the first cover portion 51
and the second cover portion 52.

The transmission mechanism 32 comprises a gear shift
motor unit 32 and a transmission mechanism main body
32b. The gear shift motor unit 32q 1s driven by an instruction
from the nider 1n a gear changing operating unit that is
mounted to the handle (which 1s not shown) and sets the
transmission mechanism main body 325 to a prescribed gear
ratio.

The transmission mechanism main body 325 1s a trans-
mission that can select a plurality of gear ratios (for
example, eight). The transmission mechanism main body
326 1s rotatably supported by the support shait 22. The
rotation of a third rotation transmission member 24 men-
tioned below 1s transmitted to the transmission mechanism
main body 325. The transmission mechanism main body 325
shifts the rotation that 1s transmitted from the third rotation
transmission member 24 to a plurality of steps ({or example,
cight steps), including a direct connection. Additionally,
alter shifting, the transmission mechanism main body 325
outputs the rotation to the power transmission unit 36. In
particular, a first gear member 76 1s mounted to the trans-
mission mechanism main body 32b. The rotation that 1s
shifted in the transmission mechanism main body 325 1s
output to the power transmission unit 36 via the first gear
member 76.

Here, the second rotation transmission member 20 and the
third rotation transmission member 24 will be explained.
The second rotation transmission member 20 1s a member to
which the rotation of the first rotation transmission member
16 1s transmitted. The second rotation transmission member
20 1s rotatably supported on the housing 12 and the electric
motor 30. In particular, the second rotation transmission
member 20 1s rotatably supported on the first cover portion
51 of the housing 12 and the motor case 30q of the electric
motor 30.
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The third rotation transmission member 24 1s a member to
which the rotation of the second rotation transmission mem-
ber 20 1s transmitted. The third rotation transmission mem-

ber 24 1s rotatably supported on the support shatt 22. The
rotation of the second rotation transmission member 20 1s
transmitted to the third rotation transmission member 24 by
the second chain 28. The second chain 28 1s wound around
the second rotation transmission member 20 and the third
rotation transmission member.

In this way, the second rotation transmission member 20
and the third rotation transmission member 24 transmit the
rotation of the first rotation transmission member 16 to the
transmission mechanism 32.

The speed reduction mechanism 34 i1s disposed in the
internal space S of the housing 12. The speed reduction
mechanism 34 reduces the output of the electric motor 30.
In particular, the speed reduction mechanism 34 1s disposed
in between the electric motor 30 and the power transmission
unmit 36 1n a direction along the crankshait 14.

The speed reduction mechanism 34 decelerates the rota-
tion of the electric motor 30 and transmits the rotation after
deceleration to the power transmission unit 36. More spe-
cifically, the speed reduction mechanism 34 decelerates the
rotation of the rotor 306 of the electric motor 30 and
transmits the rotation after deceleration to the power trans-
mission unit 36 via a torque transmitting member 70.

The speed reduction mechanism 34 1s configured with one
or more gears. For example, the speed reduction mechanism
34 comprises a first planetary gear mechanism 34a and a
second planetary gear mechanism 34b6. The first planetary
gear mechanism 34a 1s coupled with the electric motor 30,
for example, with the rotor 305. The second planetary gear
mechanism 345 1s coupled with the first planetary gear
mechanism 34a. The output of the second planetary gear
mechanism 345, that 1s, the output of the speed reduction
mechanism 34, 1s transmitted to the power transmaission unit
36 via the torque transmitting member 70. Meanwhile, the
torque transmitting member 70 1s rotatably supported on a
second gear member 365 of the power transmission unit 36,
which 1s described below.

The rotation of the crankshait 14 and the rotation of the
clectric motor 30 are transmitted to the power transmission
umt 36. Additionally, the power transmission unit 36 trans-
mits the rotation of the crankshait 14 and the rotation of the
clectric motor 30 to the front sprocket 38.

In particular, the power transmaission unit 36 transmits the

rotation of the crankshatt 14 to the front sprocket 38 via the
first rotation transmission member 16, the second rotation
transmission member 20, the third rotation transmission
member 24, the transmission mechanism 32, and the first
gear member 76. The power transmission unit 36 also
transmits the rotation of the electric motor 30 to the front
sprocket 38 via the speed reduction mechanism 34 and the
torque transmitting member 70.

The power transmission unit 36 1s provided coaxially with
the crankshait 14. The power transmission unit 36 1s dis-
posed 1n between the front sprocket 38 and the speed
reduction mechamsm 34 1n a direction along the crankshaft
14 (the axial direction).

A third axle bearing 36a 1s disposed in between the power
transmission unit 36 and the other end of the crankshait 14.
That 1s, the power transmission umt 36 1s rotatably sup-
ported on the other end of the crankshait 14 via the third axle
bearing 36a. Also, the second axle bearing 525 1s disposed
in between the power transmission unmt 36 and the second
cover portion 52 of the housing 12. That 1s, the power
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transmission unit 36 1s rotatably supported on the second
cover portion 52 via the second axle bearing 52b.

In particular, the power transmission unit 36 comprises a
second gear member 365 and a one-way clutch 36c¢. The
second gear member 3656 meshes with the first gear member
76 of the transmission mechanism 32. The second gear
member 36b 1s rotatably supported on the second cover
portion 52 of the housing 12 via the second axle bearing 525.
Additionally, the second gear member 365 rotatably sup-
ports the other end of the crankshait 14 via the third axle
bearing 36a. With this, the other end of the crankshaft 14 1s
rotatably supported on the second cover portion 52 of the
housing 12 via the second gear member 365. Meanwhile, for
example, the third axle bearing 36a 1s configured as a ball
bearing or a needle roller bearing.

The one-way clutch 36¢ transmits the rotation in only one
direction of the electric motor 30 to the second gear member
36b. The rotation 1n one direction of the electric motor 30 1s
the rotation 1n the direction that drives the bicycle 1n the
riding direction.

For example, the one-way clutch 36¢ 1s provided to the
second gear member 365. The one-way clutch 36¢ 1s dis-
posed 1 between the second gear member 365 and the
torque transmitting member 70. The one-way clutch 36c¢ 1s
integrally and rotatably coupled with the torque transmitting
member 70. In this way, the one-way clutch 36c¢ transmits
the rotation in only one direction of the electric motor 30 to
the second gear member 36 via the speed reduction mecha-
nism 34 and the torque transmitting member 70.

The front sprocket 38 comprises an annular portion 38a
that has sprocket teeth formed on the outer peripheral part
and an annular portion 385 that i1s mtegrally formed on the
inner peripheral part of the annular portion 38a. A tubular
portion 385 1s fixed to the power transmission unit 36. The
fixing method for the front sprocket 38 can be an appropriate
fixing method such as press fitting, caulking, screwing,
gluing, or welding, etc.

Other Embodiments

While one embodiment has been chosen to illustrate the
present invention, 1t will be apparent to those skilled 1n the
art from this disclosure that various changes and modifica-
tions can be made herein without departing from the scope
of the invention as defined in the appended claims. In
particular, the various embodiments and modified examples
described 1n the present specification can be freely combined
according to necessity.

(a) In the above-described embodiment, an example was
described 1n which the rotation of the crankshaft 14 1is
transmitted to the transmission mechanism 32 by three
transmission members (the first rotation transmission mem-
ber 16, the second rotation transmission member 20 and the
third rotation transmission member 24). The configuration
for transmitting the rotation of the crankshait 14 to the
transmission mechanism 32 1s not limited to the above-
described embodiment and can be any configuration.

(b) In the above-described embodiment, an example was
described 1n which the first axle bearing 515, the second axle
bearing 525, and the third axle bearing 36a are configured as
a ball bearing or a needle roller bearing. The first axle
bearing 515, the second axle bearing 5256, and the third axle
bearing 36a can be any kind of axle bearing as long as the
member can be rotatably mounted. For example, at least one
of the first axle bearing 515, the second axle bearing 525, or
the third axle bearing 36a can be a rolling bearing, such as
a roller bearing, or a slide bearing, such as a bushing.
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(¢) In the above-described embodiment, an example was
described 1n which the main body portion 50 1s a metallic
member comprising, for example, an aluminum alloy. How-
ever, the main body portion 50 can be a metal other than an
aluminum alloy, as long as this 1s a metallic member.

(d) In the above-described embodiment, an example was
described in which the first cover portion 31 and the second
cover portion 32 are synthetic resin members comprising
polyamide and/or glass fiber. However, at least one of either
the first cover portion 351 or the second cover portion 52 can
be a different synthetic resin as long as this 1s a synthetic
resin member.

The foregoing descriptions of selected embodiments
according to the present invention are provided for illustra-
tion only, and not for the purpose of limiting the invention
as defined by the appended claims and their equivalents.

What 1s claimed 1s:

1. A bicycle drive unit comprising:

a crankshaft;

a housing includes a synthetic resin first portion, a syn-
thetic resin second portion and a metallic third portion,
the synthetic resin first portion including a first axle
bearing portion that rotatably supports a first end of the
crankshatt, the synthetic resin second portion including
a second axle bearing portion that rotatably supports a
second end of the crankshait, the metallic third portion
disposed 1n between the synthetic resin first portion and
the synthetic resin second portion, the metallic third
portion defining an 1nternal space of the housing along
with the synthetic resin first portion and the synthetic
resin second portion;

an output unit coaxially disposed on the second end of the
crankshaft and operatively coupled to the crankshaftt to
recerve rotation of the crankshaft;

an electric motor disposed 1n the internal space of the
housing and being in contact with the metallic third
portion, the electric motor further being operatively
coupled to the output unit to transmit rotation of the
clectric motor to the output unit; and

a control board disposed in the internal space of the
housing and electrically coupled to the electric motor,
the control board being mounted on the metallic third
portion.

2. The bicycle drive unit as recited i claim 1, further

comprising

a speed reduction mechanism disposed in the internal
space of the housing, and operatively coupled between
the electric motor and the output unit to reduce an
output of the electric motor to the output unit.

3. The bicycle drive unit as recited 1n claim 2, further

comprising

a transmission mechanism disposed 1n the internal space
of the housing between the control board and the
clectric motor, and operatively coupling the crankshaft
to the output unit to define a transmission path between
the crankshaft and the output unit.

4. The bicycle drive unit as recited 1n claim 3, wherein

the transmission mechanism 1s supported on the synthetic
resin {irst portion and the synthetic resin second por-
tion.

5. The bicycle drive unit as recited 1n claim 1, further

comprising

a transmission mechanism disposed 1n the internal space
of the housing between the control board and the
clectric motor, and operatively coupling the crankshatt
to the output unit to define a transmission path between
the crankshaft and the output unit.
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6. The bicycle drive unit as recited 1n claim 5, wherein

the transmission mechanism 1s supported on the synthetic
resin first portion and the synthetic resin second por-
tion.

7. A bicycle drive unit comprising:

a crankshaft;

a housing 1ncludes a synthetic resin {irst portion, a syn-
thetic resin second portion and a metallic third portion,
the synthetic resin first portion including a first axle
bearing portion that rotatably supports a first end of the
crankshaft, the synthetic resin second portion including
a second axle bearing portion that rotatably supports a
second end of the crankshatt, the metallic third portion
disposed 1n between the synthetic resin first portion and
the synthetic resin second portion, the metallic third
portion defining an 1nternal space of the housing along
with the synthetic resin first portion and the synthetic
resin second portion;
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an output unit coaxially disposed on the second end of the
crankshaft and operatively coupled to the crankshaftt to
recelve rotation of the crankshaft; and

a control board disposed in the internal space of the
housing and electrically coupled to an electric motor,
the control board being mounted on the metallic third
portion.

8. The bicycle drive unit as recited 1n claam 7, wherein

the metallic third portion comprises an attaching portion
that 1s configured to be attached to a frame of a bicycle.

9. The bicycle drive unit as recited in claim 7, wherein

cach of the synthetic resin first portion and the synthetic
resin second portion comprises polyamide.

10. The bicycle drive unit as recited 1n claim 7, wherein

cach of the synthetic resin first portion and the synthetic

resin second portion comprises glass fiber.
11. The bicycle drive unit as recited 1n claim 7, wherein
the metallic third portion 1s an aluminum alloy.
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